Persistent binding of MgADP to the E187A mutant of Escherichia coli phosphofructokinase in the absence of allosteric effects.
MgADP binding to the allosteric site enhances the affinity of Escherichia coli phosphofructokinase (PFK) for fructose 6-phosphate (Fru-6-P). X-ray crystallographic data indicate that MgADP interacts with the conserved glutamate at position 187 within the allosteric site through an octahedrally coordinated Mg(2+) ion [Shirakihara, Y., and Evans, P. R. (1988) J. Mol. Biol. 204, 973-994]. Lau and Fersht reported that substituting an alanine for this glutamate within the allosteric site of PFK (i.e., mutant E187A) causes MgADP to lose its allosteric effect upon Fru-6-P binding [Lau, F. T.-K., and Fersht, A. R. (1987) Nature 326, 811-812]. However, these authors later reported that MgADP inhibits Fru-6-P binding in the E187A mutant. The inhibition presumably occurs by preferential binding to the inactive (T) state complex of the Monod-Wyman-Changeux two-state model [Lau, F. T.-K., and Fersht, A. R. (1989) Biochemistry 28, 6841-6847]. The present study provides an alternative explanation of the role of MgADP in the E187A mutant. Using enzyme kinetics, steady-state fluorescence emission, and anisotropy, we performed a systematic linkage analysis of the three-ligand interaction between MgADP, Fru-6-P, and MgATP. We found that MgADP at low concentrations did not enhance or inhibit substrate binding. Anisotropy shows that MgADP binding at the allosteric site occurred even when MgADP produced no allosteric effect. However, as in the wild-type enzyme, the binding of MgADP to the active site in the mutant competitively inhibited MgATP binding and noncompetitively inhibited Fru-6-P binding. These results clarified the mechanism of a three-ligand interaction and offered a nontraditional perspective on allosteric mechanism.